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Extended Abstract
In this paper we give rst account of a simple analysis tool
for modeling temporal compression for automatic mitigation
of multipath induced intersymbol interference through the
use of active phase conjugation (APC) technique. In radio
communication systems a transmitted signal can follow many
different propagation paths before arriving at the receiver.
This causes fluctuations in the received signal’s amplitude,
phase and angle of arrival resulting in multipath fading. The
conventional approach to tackle this problem is to apply
channel equalisation. However, the complexity grows linearly
with data transmission rate. The APC technique has been
proposed for in the literature to avoid explicit recovery of
the channel and its subsequent equalisation. This approach
implicitly recombines the multipath arrival signals instead of
trying to invert the channel as required by direct channel
equalisation methods. As shown in Fig. 1, the APC scheme
operates as follows: the transmitter sends the signal S which
traverses through the channel H , and is observed by the
receiver as HS; the receiver phase conjugates the signal,
producing H∗S∗, and retransmits the signal back to the
transmitter. The signal H∗S∗ travels back through the same
channel, resulting in |H|2S∗ at the transmitter.
To facilitate analysis, let us use a single antenna APC
system and a simple 3-tap discrete channel (shown in Fig. 2)
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Fig. 2. Discrete time model for single antenna array APC system.
as an example to demonstrate the principle of APC to combat
multipath effect. The received signal at the receiver can be
expressed as
yn = h0sn + h1sn−1 + h2sn−2, (1)
where h0, h1, h2 are the complex channel gains for the first,
second and third taps, respectively; sn is the transmitted
symbol at the nth time instant.
After phase conjugation, the re-transmitted signal received
at the transmitter side after a round-trip through the system
can be formed as
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where R(τ) is the autocorrelation function of the channel at
the τ th lag, i.e., R(τ) = hih∗i−τ .
For an L-tap channel, Eq. (2) can be generalized to
zn = R(0)s
∗
n−L+1 + R(1)s
∗
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∗(1)s∗
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+ R(2)s∗
n−L+3 + R
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The basic principle of APC is that the autocorrelation of
the channel impulse response R(τ) coherently reconcentrates
the multipath arrivals at zeroth time lag. However, the auto-
correlation may also have temporal sidelobes that result in
residual intersymbol interference. It is therefore desirable
to reduce the sidelobes of the channel autocorrelation
function. A single tap channel inherently has this property
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Fig. 3. Normalized autocorrelation function for 11-tap WLAN channel,
Nr = 1, ρ = 0.0.
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Fig. 4. Normalized autocorrelation function for 51-tap WLAN channel,
Nr = 1, ρ = 0.0.
because the autocorrelation function of a single tap channel
has a strong peak at zero lag and is absolutely zero for
all the other lags. In what follows, we show simulation
results based on the IEEE 802.11 WLAN channel model and
discuss scenarios where the APC method will lead to optimal
intersymbol interference mitigation.
Figs. 3 and 4 show the autocorrelation function for 11 and
51 taps of WLAN channels in a single-antenna APC system.
The comparative results indicate that the 51-tap channel
exhibits a better autocorrelation property. A rich scattering
environment will reduce intersymbol interference through
temporal compression because in this case, the channel co-
efficients look like white noise, resulting in an autocorrelation
that has a strong peak at the zero lag and is nearly zero at
all other lags.
Fig. 5 shows the autocorrelation function of a 11-tap
WLAN channel with 10 antenna array elements (Nr = 10) at
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Fig. 5. Normalized autocorrelation function for 11-tap WLAN channel,
Nr = 10, ρ = 0.0.
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Fig. 6. Normalized autocorrelation function for 11-tap WLAN channel,
Nr = 4.
the receiver. Compared to the case with single array element
shown in Fig. 3, we conclude that antenna array can
contribute to even better temporal compression since upon
averaging, all elements contribute to the same main peak, but
spread their sidelobes.
Antenna correlations have not been considered in the pre-
vious examples. In Fig. 6, we examine the impact of antenna
correlations on the channel autocorrelation properties. As
one can see from the figure, the slidelobs of the channel
autocorrelation becomes bigger as a uniform correlation
factor ρ increases (ρ is defined as the envelope correlation
coefficient between signals received at each array element.
Here we assume the correlation factor is identical for all
antennas in the array irrespective of their positions). Antenna
correlations adversely affect the autocorrelation property
of the channel and diminish sidelobe averaging effects.
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